Many different classes of X-ray sources contribute to the Galactic landscape at high energies. Although the nature of the most luminous X-ray emitters is now fairly well understood, the population of low-to-medium X-ray luminosity (L X = 10 27−34 erg s −1 ) sources remains much less studied, our knowledge being mostly based on the observation of local members. The advent of wide field and high sensitivity X-ray telescopes such as XMM-Newton now offers the opportunity to observe this low-to-medium L X population at large distances. We report on the results of a Galactic plane survey conducted by the XMM-Newton Survey Science Centre (SSC). Beyond its astrophysical goals, this survey aims at gathering a representative sample of identified X-ray sources at low latitude that can be used later on to statistically identify the rest of the serendipitous sources discovered in the Milky Way. The survey is based on 26 XMM-Newton observations, obtained at |b| < 20 deg, distributed over a large range in Galactic longitudes and covering a summed area of 4 deg 2 . The flux limit of our survey is 2 × 10 −15 erg cm −2 s −1 in the soft (0.5 -2 keV) band and 1 × 10 −14 erg cm
Introduction
Non-solar X-ray emission was discovered in the early 1960s using collimating instruments. The low spatial resolution and high background inherent in these detectors only allowed the observations of bright, mostly Galactic X-ray sources. The launch of focusing X-ray telescopes in the '80s has paved the way for the study of fainter high energy sources and opened the high energy window to virtually all types of astrophysical objects from comets to the most remote AGNs.
The first imaging Galactic X-ray survey was conducted by the Einstein satellite (Giacconi et al. 1979; Hertz & Grindlay 1984) . A decade later, the ROSAT (Trümper 1982) all-sky sur-vey and pointed observations mapped the entire soft (<2 keV) X-ray content of the Galaxy (see e. g. Motch et al. 1997; Morley et al. 2001) and allowed the discovery of many new species of soft X-ray sources. The ASCA (Tanaka et al. 1994) Galactic Plane Survey (Sugizaki et al. 2001) was the first to explore the hard (> 2 keV) X-ray content of the Galaxy at X-ray fluxes much lower than achievable with collimating instruments.
The launch of the XMM-Newton (Jansen et al. 2001 ) and Chandra (Weisskopf et al. 2002 ) X-ray observatories has opened the possibility to carry out large surveys by analysing the properties of the X-ray sources serendipitously detected around the observation's main target. Although based on a field by field approach, these surveys benefit from the high quality of the parameters, position, spectral indices, etc.. derived for each source and a several-fold improved sensitivity, achievable thanks to the large collecting area of the telescopes. In particular, the much improved position accuracy of the detected X-ray sources facilitates their identification at other wavelengths, thus opening the way for detailed source characterisation. The ChaMPlane project, based on Chandra observations, has been described in Grindlay et al. (2005) . It will eventually cover about 8 deg 2 down to limiting fluxes a few times fainter than can be achieved with XMM-Newton. Recent results on the Galactic centre area have been reported in van den Berg et al. (2012) ; Hong et al. (2012) ; Hong (2012) . XMM-Newton has conducted a shallow low latitude X-ray survey of relatively large area (Hands et al. 2004) . Optical identifications and properties of its brightest sources carried out in the framework of the XMM-Newton Survey Science Centre (SSC, Watson et al. 2001) , have been discussed in Motch et al. (2010) . Finally, the nature of the overall low latitude XMM-Newton source population has recently been investigated by Warwick et al. (2011) and Motch & Pakull (2012) using cross-correlations with large optical and X-ray catalogues.
Many different classes of unresolved sources contribute to the X-ray content of the Galaxy: early and late-type stars, interacting binaries such as cataclysmic variables (CVs), RS CVns, white dwarfs, neutron stars or black holes with low (LMXB) or high mass companion stars (HMXB), isolated neutron stars and possibly isolated black holes (for a review, see Motch 2006) .
At low X-ray luminosities, between 10 27 and 10 31 erg s −1 , and soft energies (kT < 2 keV) the X-ray sky is dominated by relatively nearby active stellar coronae (see e. g. Motch et al. 1997 , and references therein). In contrast, at high X-ray luminosities, > 10 35 erg s −1 , the make-up of the Galaxy is dominated by HMXBs and LMXBs (Grimm et al. 2002; Gilfanov 2004) . However, at intermediate X-ray luminosities, the nature of the hard (> 2 keV) X-ray sources is still poorly understood. Although CVs and stellar coronae are expected to contribute significantly to this population (Sazonov et al. 2006; Hong 2012) , other interesting objects such as magnetic OB stars (Gagné et al. 2011) , single and binary Wolf Rayet stars (Skinner et al. 2010; Kogure 2009 ), γ-Cas like objects ; Lopes de Oliveira et al. 2010 ) and X-ray transient binaries in quiescent state have also been identified in this luminosity range.
The scientific interest of optically identified Galactic X-ray surveys cannot be overemphasised. The low to medium X-ray luminosity point source population may only be resolved in our Galaxy and to some extent in the Magellanic Clouds due to the currently available combination of spatial resolution and sensitivity delivered by the most efficient X-ray observatories in operation such as Chandra and XMM-Newton. In addition, the optical identification process, which is a mandatory step when studying the detailed nature of these X-ray populations can only be performed on a large number of sources in our Galaxy due to the still relatively large X-ray error circles. Similar to other wavelength ranges, flux limited X-ray surveys allow us to gather large and homogeneous samples of different species of high energy sources such as stars or AGN (see e.g. Guillout et al. 1999; Barcons et al. 2002) , while they have proved to be instrumental for discovering rare or elusive X-ray emitters such as isolated neutron stars (see e.g. Pires et al. 2009 , for results based on XMM-Newton data).
So far, observations provide very few constraints on evolutionary theories of low and high mass X-ray binaries. For instance, we do not detect the long-lived wind accreting low Xray luminosity stages preceding or following the bright phase during which they become conspicuous. The common envelope spiral-in creation channel for low-mass X-ray binaries predicts the existence of pre-LMXBs which could radiate as much as ∼ 10 32 erg s −1 in hard X-rays through accretion of stellar wind onto the neutron star or its magnetosphere (see e.g. Tauris & van den Heuvel 2006) . Up to 10 4−5 of these objects could be currently present in the Galaxy (Willems & Kolb 2003) . Likewise, evolution theories of high mass X-ray binary foresee that about 10 6 wind accreting binaries made of a main sequence star and of a neutron star or a black hole populate the Galaxy (Pfahl et al. 2002) .
The relative census of the different species of Galactic X-ray sources strongly depends on the Galactic structure considered. Not unexpectedly, massive X-ray emitting stars, either in accreting binaries or alone, concentrate in the Galactic disc (see e. g. the concentration of INTEGRAL HMXBs in the Norma arm Walter et al. 2004) , while a large population of CVs and lowmass X-ray binaries seem to gather in the predominantly old Galactic Bulge. Likewise, the very central regions of the Galaxy harbour a heavily concentrated population of low to medium L X sources (Muno et al. 2009; Hong et al. 2009 ) whose exact nature, CVs, stars, remains highly uncertain. X-ray sources are thus useful tracers of their parent stellar populations and their study can shed light on the evolutionary mechanisms of single and binary stars in remote parts of our Galaxy. They may as well help to constrain the past stellar formation rate, in particular the early formation stages during which many massive compact remnants were created. Solar type stars emit X-rays from magnetically heated coronae. Therefore, their X-ray luminosity strongly depends on differential rotation (Pallavicini et al. 1981) . Since magnetic braking efficiently decreases stellar rotation (see e.g. Kawaler 1988; Matt et al. 2012 ) both X-ray luminosities and thin thermal plasma temperatures (Guedel et al. 1997 ) strongly decay during pre main sequence and early main sequence stages. Old close binaries in which rotation is maintained by orbital motion are also known to contribute significantly to the X-ray emitting stellar population. One can take advantage of the marked L X dependency upon age to discriminate with high efficiency young stars from the background of older populations. In this respect, X-ray selection is more practical than any selection based on weak optical proxy spectral signatures such as, for instance, reemission in the Ca II H&K lines (see e.g Schrijver 1987) which arises from the stellar chromosphere. Comparing the observed properties of stellar X-ray surveys with population models can provide important constraints on the evolution of Galactic scale height with age (Guillout et al. 1996) and reveal large scale local structures, e.g. the late type component of the Gould Belt. (Guillout et al. 1998 ). Schlegel et al. (1998) shown in Aitoff projection running in Galactic longitude from −180
• to 180
• . The optically bright and faint samples (see Section 3) are shown in red and blue respectively. The symbol size is proportional to the number of XMM-Newton sources detected in each field. Numbers indicate the field as listed in Table 1 .
In this paper we present results from an optical identification campaign conducted in the Galactic Plane, at low and intermediate Galactic latitudes (|b| < 20
• ) and covering a wide range of Galactic longitudes, by the XMM-Newton Survey Science Centre (Watson et al. 2001) . We report the optical identification of over 300 Galactic X-ray sources, most of them being classified on the basis of optical spectroscopy. This constitutes the largest sample of spectroscopically identified X-ray sources at low Galactic latitudes.
Beyond its astrophysical motivations, this project also aims at gathering a large and representative sample of identified lowlatitude sources which can be used as a learning sample for identifying and classifying in a statistical manner serendipitous XMM-Newton sources detected in the Milky Way. First attempts to automatically classify XMM-Newton X-ray sources at high Galactic latitudes have been reported in Pineau et al. (2010) . SSC surveys covering other Galactic directions have been already presented by Barcons et al. (2002) and Della Ceca et al. (2004) , for high Galactic latitude sources at medium and bright fluxes, and by Motch et al. (2010) for low Galactic latitude sources and bright fluxes.
The structure of the paper is as follows. In Section 2.1 we present the XMM-Newton data, followed by the optical observations in Section 3, and optical and infrared cataloge identifications in Section 4. We present the source classification in Section 5 and the stellar population content of the survey in Section 6. We discuss the overall properties and characteristics of the sample in Section 7 and conclude in Section 8.
XMM-Newton data

Observations and data reduction
The X-ray Multi-Mirror mission (XMM-Newton, Jansen et al. 2001 ) was launched in December 1999 by the European Space Agency (ESA). The XMM-Newton satellite has three X-ray telescopes and is equipped with a set of CCD detectors, which constitutes the European Photon Imaging Cameras (EPIC). There are two MOS-CCD arrays (MOS camera, Turner et al. 2001) , and one pn-CCD (pn camera, Strüder et al. 2001 ). The two MOS cameras are located behind the two telescopes equipped with gratings which divert about half of the light towards the Reflecting Grating Spectrometers (RGS, den Herder et al. 2001) , so only about 40% of the light reaches the MOS cameras. The pn camera is located behind the third telescope, receiving all the incident light (Strüder et al. 2001) . The field of view is about 30 ′ , it covers the energy range from 0.15 to 15 keV, with spectral resolution ( E dE ) = 20-50 and angular resolution of 6 ′′ . The 26 XMM-Newton fields presented in this work were selected shortly after the launch of the XMM-Newton satellite. They are all at low and intermediate Galactic latitudes (|b| < 20 • ) and cover a wide range in Galactic longitudes (see Fig. 1 ). Observations were selected so as to be void of extended diffuse emission and represent as much as possible typical Galactic fields. We therefore excluded stellar clusters and star forming regions in general. Very bright target sources were also avoided if possible. Fields are divided in two samples: the optically bright and the optically faint samples, depending on the limiting magnitude reached by the combination of telescope and instrument used for the optical identification of the X-ray sources (see Section 3). In Table 1 we list the fields, their Galactic coordinates, observation IDs and EPIC pn exposure times. Among the 26 fields, 20 were observed with the three EPIC cameras, while for six we have only MOS detections. Exposure times range from 5 to 57 ks, reaching flux limits of around 2 × 10 −15 erg cm −2 s −1 and 1 × 10 −14 erg cm −2 s −1 in the 0.5 -2 keV and in the 2 -12 keV energy bands respectively. The area covered by this survey is ∼ 4 deg 2 (∼ 3 deg 2 for the pn camera). This survey is ten times deeper than the ROSAT medium sensitivity survey of the Galactic Plane from Morley et al. (2001) and the ASCA faint X-ray survey from Sugizaki et al. (2001) . Although 10 times shallower than the Chandra deep Galactic Plane survey of Ebisawa et al. (2005) and than the ChaMPlane survey of Grindlay et al. (2005) our survey covers a much larger area. The XMM-Newton SSC survey of the Galactic Plane can be considered a medium sensitivity survey slightly deeper than that of Hands et al. (2004) . The original source list contained a total of 2353 X-ray sources, detected in either the pn or MOS cameras, using the Science Analysis System (SAS) 1 version 5.0 or earlier. In all cases we excluded the target of the observation. All observations were visually screened in order to discard spurious or dubious detections before scheduling sources for optical identification at ground-based telescopes, leaving us with a total of about 1800 "good" sources. Optical spectra were taken using the X-ray source positions derived in this first analysis of the X-ray data. In most cases, optical targets were prioritised using the broadband X-ray flux, starting with the brightest sources. Since then, other improved SAS processing versions became available, and in order to have up-to-date and homogeneous X-ray parameters we cross-matched our source lists with the 2XMMi-DR3 catalogue 2 . To evaluate the success rate of our visual screening we performed the cross-match for all the 2353 Xray sources and found 1319 sources in the 2XMMi-DR3 within a 20 arcsec radius (1126 with the best XMM-Newton quality, i.e. sum flag = 0 3 ). Extending the radius to larger values did not yield many more matches. In Fig. 2 we show the distribution of the distance between the original XMM-Newton sources and the 2XMMi-DR3 sources. The majority of the matches are found to be within 3-5 ′′ . About 50% of the unrecovered sources in the 2XMMi-DR3 catalogue had been flagged by us as being spurious or dubious based on our visual screening. Unrecovered sources have lower EPIC-pn count rates (0.2 -12 keV) than Notes. Field, Galactic coordinates, observation ID, EPIC-pn exposure time (EPIC-MOS exposure time in brackets), total number of 2XMMi-DR3 sources detected, number of identified active coronae (AC), High-mass X-ray binaries (HMXB), pre-main sequence stars (pre-MS), extragalactic sources (EG), and unidentified sources (unID). We restricted to sources with sum flag = 0. †Calculated hydrogen column density. We used the Schlegel et al. (1998) maps to estimate the color excess E(B-V) at each Galactic position. We transformed into optical extinction A V using the relation from Savage & Mathis (1979) , and we used the empirical relation from Predehl & Schmitt (1995) to calculate N H . We note that for very low Galactic latitudes (|b| < 5
• ) values could be wrong, but we use the values for orientative purposes.
those with counterparts (see Fig. 3 ) and are thus likely to be spurious sources with low detection likelihood (Watson et al. 2009 , Section 4.4). Hereinafter we limit our analysis to the 1319 sources with 2XMMi-DR3 counterpart and X-ray parameters are based on 2XMMi-DR3 catalogue values.
Modelled X-ray spectra
Making use of XSPEC 4 we created model X-ray spectra for the following different types of objects: i) three different populations of active coronae: a young population of 70 Myr, an intermediate population of 300 Myr, and an old population of 1.9 Gyr. We assumed 2 -temperature thermal emission (Guedel et al. 1997) , one 4 http://heasarc.nasa.gov/xanadu/xspec/ component representing the hot plasma (T 1 ) and a second hotter component (T 2 ). Temperatures used for the coronae are (kT 1 , kT 2 ) = (0.2, 0.8), (0.12, 0.55), and (0.09, 0.32) keV, and X-ray emission measure ratios are EM 2 /EM 1 = 1, EM 2 /EM 1 = 1, and EM 2 /EM 1 = 0.6 for the young, intermediate, and old populations respectively. ii) for AY Cet, a typical BY Dra binary (Dempsey et al. 1997) , with (kT 1 , kT 2 ) = (0.2,1.38) keV and EM 2 /EM 1 = 3.75, and for the RS CVn star WW Dra (Dempsey et al. 1993) , with (kT 1 , kT 2 ) = (0.2, 2.1) keV and EM 2 /EM 1 = 6.77. iii) accreting binaries, assuming two different power laws with photon indices Γ of 0 and 2. iv) active galactic nuclei (AGN) assuming a power law with photon index Γ = 1.9.
We used the models mekal and powerlaw, alongside phabs for the photoelectric absorption, for our simulations. They were per- 
Optical observations
Photometry was carried out at the Isaac Newton Telescope (INT), at the Canada France Hawaii Telescope (CFHT) and at the 2.2m ESO telescope. INT images were bias subtracted and flat-field corrected using the WFC pipeline, following the instructions described by the Cambridge Astronomy Survey Unit 6 . CFHT images were reduced using the ELIXIR 7 pipeline. ESO images were reduced using the GaBoDS pipeline 8 . Images were used to find the optical counterpart of the X-ray sources, to measure the magnitude of the faintest candidate counterparts, and to prioritise the target selection for spectroscopic identification. Whenever a bright extended optical object was detected in the X-ray error box we considered the source as being extragalactic and did not obtain optical spectra.
Optical spectroscopic observations were carried out between the years 2000 and 2003 with the Very Large Telescope (VLT-UT4) and with the ESO-3.6 m telescope at ESO La Silla/Paranal Observatory, with the William Herschel Telescope (WHT) at the Observatory Roque de los Muchachos (La Palma), and with the 1.9 m telescope at the Observatoire de Haute-Provence (OHP). A large part of the optical data were acquired in the framework of the AXIS project 9 . Telescope, instrument, instrumental setup, wavelength coverage and spectral resolution are listed in Table 2 . Depending on the telescope/instrument used for each observed field the limiting magnitude is R∼ 17 or R∼ 21. Seventeen fields were observed reaching a magnitude limit of R∼ 17, belonging
, being C i the count rate in band i, where i = 0.2 − 0.5, 0.5 − 1.0, 1.0 − 2.0, 2.0 − 4.5, 4.5 − 12.0 keV. to the optically bright sample. The remaining nine fields were observed with a limiting magnitude R∼ 21 defining the optically faint sample (see Table 1 ).
Spectra were bias corrected, flat-fielded, and extracted using standard MIDAS 10 procedures. We used arc-lamps to calibrate in wavelength and spectrophotometric standard stars to flux calibrate (see Motch et al. 2010, for details) .
Observations were carried out using the original (see Section 2.1) positions of the X-ray sources, available at the time of the observing runs. In the Galactic Plane, optical crowding often prevents a clear identification of X-ray sources. It is therefore very important to have a good knowledge of the X-ray positional errors. The XMM-Newton error circle is the combination of two errors. The first one is the statistical uncertainty on the centroid of the PSF determined by the detection algorithm, σ radec typically ∼ 1 − 2 ′′ . The second one is the systematic error introduced by the uncertainty of the satellite's attitude, with values σ systematic ∼ 1 ′′ . In the less crowded fields, systematic errors were reduced to ∼ 0.35 ′′ by matching the XMM-Newton positions with the USNO-B1.0 (Monet et al. 2003) catalogue making use of the SAS task eposcorr. Assuming a two-dimensional Gaussian distribution, the 90% confidence-level radius is given by:
In many cases the X-ray source position error circle contained more than one optical candidate brighter than our limiting magnitude. We obtained optical spectra of all candidates present in the 90% confidence error circle down to our limiting magnitude, sorting objects by decreasing R brightness. A source was positively identified when specific spectral signatures such as emission lines were detected. Spectroscopic classification of stellar spectra was carried out as in Motch et al. (2010) . In summary, template spectra from Jacoby et al. (1984) ; Pickles (1998), STELIB (Le Borgne et al. 2003) and from the NASA/JPL NStars project 11 , degraded to the resolution of our observations (Table 2) , were fitted to the observed spectra by adjusting the mean flux and the interstellar absorption. Spectral classification of the sources is given in the online version of the paper and statistics on the identifications are discussed in Section 5.
Optical and infrared catalogue identifications
As stated above, source identification can be difficult in the Galactic plane since several optical candidates are often found within the X-ray error circle and spectral signatures obtained at the telescope can be sometimes ambiguous. We therefore helped our optical identification process by cross-correlating X-ray source positions with the following archival catalogues: 2MASS (Cutri et al. 2003) , USNO-B1.0 (Monet et al. 2003) , GSC 2.3 (Lasker et al. 2008 ) and SDSS-DR7 (Abazajian et al. 2009 ) catalogues as in Motch et al. (2010) . All these crossmatches are provided through the SSC public XCat-DB interface 12 (Michel et al. 2004 ).
Cross-correlation method
The cross-correlation process is described in Pineau et al. (2008) and Pineau et al. (2011) . In brief, it is based on the classical ratio between the likelihood of the X-ray and catalogue sources to be at the same position, and the likelihood of being a spurious association. This likelihood ratio (LR) depends on the probability of an X-ray source to have a counterpart in the considered catalogue, probability which depends on the distribution and characteristics of the different populations that enter the sample. To estimate the probability of being an spurious identification the method uses a geometrical approach. The process searches for all possible counterparts within a radius corresponding to a 99.7% (3σ) completeness, which for a two dimensional Gaussian distribution corresponds to 3.44 times the 1σ combined positional error. The combined radius is computed by adding in quadrature the X-ray and the catalogue 1σ errors. For each possible counterpart, the probability of it being the true counterpart to the X-ray source (P id ) is given by the ratio between the total number of observed counterparts and the number of estimated spurious associations. Above a given threshold of this probability we calculate the sample reliability, i.e. the expected fraction of correct identifications among all the matches, from which we derive the number of spurious associations, and sample completeness. The sample completeness is defined as the ratio between the number of true associations recovered above that probability threshold and the number of true associations expected in the survey (see left panel Fig. 4 ). As we increase the cutoff in the individual identification probability we reduce the completeness of the survey, but increase the reliability, reducing the fraction of possible spurious identifications.
Cross-correlation results
Cross-correlation statistics are given in Table 3 . The much lower number of X-ray sources with SDSS-DR7 counterpart is due to the fact that only five fields (LHB 3, PSR J2043+2740, 3C449, Saturn and Z And) are covered by the SDSS-DR7 footprint. Probabilities of being the true counterpart are shown in the right panel of Fig. 4 . There are a total of 258 (∼ 20%) and 329 (∼ 25%) X-ray sources with infrared and optical (in either SDSS-DR7, GSC 2.3 or USNO-B1.0) counterparts respectively above the 90% identification probability. The number of expected spurious matches with individual identification probability above 90% is below 2% and we are recovering about 55% among all true associations between the XMM-Newton and the different catalogues (see left panel in Fig. 4) . Hereinafter we will only consider matches with individual identification probability higher than 90%.
X-ray properties of catalogue counterparts
Stars are soft X-ray emitters, therefore it should be easy to distinguish them from the hard X-ray extragalactic and accretionpowered sources on the basis of their X-ray colours. We analysed the hardness ratio distributions of X-ray sources with bright optical or infrared counterparts and compared it with those of sources with faint or no catalogue counterpart.
A total of 350 X-ray sources have either an infrared or an optical catalogue counterpart above the 90% identification probability, among which seven sources exclusively come from the 2XMMi-DR3/SDSS-DR7 crossmatch. Since the limiting magnitude for the SDSS is much deeper (g ∼ 23) than that for the GSC 2.3 (B∼21) and the USNO-B1.0 (V∼20) we discarded these sources for the following analysis. We limit to sources with the best X-ray quality (sum flag = 0) and with hardness ratio errors lower than 0.3. The HR distributions of the remaining sources (230) is shown in Fig. 5 and compared to those of X-ray sources without a counterpart or with a probability of identification lower than 90% (474).
As expected, X-ray sources with optical or infrared counterparts have lower (softer) HRs than those without counterpart, consistent with the fact that most soft sources are stars, while hard sources are likely to be extragalactic. For each sources we Completeness and reliability of the sample as a function of the threshold in the identification probability (left). Distribution of the probability of being the true counterpart associated with each X-ray source with entry in the 2MASS, USNO-B1.0, GSC 2.3 and SDSS-DR7 catalogues (right). estimated the total N H in the light of sight using the colour excess E(B-V) calculated from the dust maps from Schlegel et al. (1998) and their IDL code 13 . We compared the distribution in N H versus hardness ratio of sources with (without) optical or infrared counterpart to expected values for stars (AGNs) (see Section 2.2) and found similar trends (see Fig. 5 ).
X-ray-to-optical flux ratios can also provide us with information on the nature of the sources. Whilst extragalactic sources have typical values −1 < log(L X /L R ) < 1, stars have lower Xray-to-optical flux ratios, log(L X /L R ) < −1 (Maccacaro et al. 1988) . We thus conclude that the majority of sources without an optical or infrared match have an extragalactic origin or are associated with high F X /F opt galactic hard sources.
There are a few soft sources without counterpart in either catalogue. At the limiting X-ray flux of our survey (2 × 10 −15 erg cm −2 s −1 ), sources fainter than R ∼ 20 (R ∼ 17), corresponding to the USNO-B1.0 limiting magnitude (restricting to sources with P id > 0.9), will have log(L X /L R ) > −0.75 (log(L X /L R ) > −2), i. e. could be relatively distant late dMe stars too faint to be detected in the optical (see Fig. 7 ) (Morley et al. 2001) , but are also compatible with accreting binaries and with extragalactic objects in the high galactic latitude fields. A few sources with infrared or optical counterpart have higher HR4 value than expected for young active coronae (see Fig. 5 ). At the chosen cutoff for the individual identification probability, the number of spurious associations is lower than 2%, so we expect a maximum of 5 spurious matches, a value not sufficient to explain the number of sources detected in the HR4 bands. Although in principle such sources could be AGNs with a bright optical or infrared catalogue counterpart, we have classified some of these hard sources as stars on the basis of their optical spectrum (see Section 5).
Source classification
We classified X-ray sources in three different ways:
1. From our spectroscopic observations. In most cases the determination of the spectral type of active coronae was pos-13 http://www.astro.princeton.edu/˜schlegel/dust/dust.html. For stars, this value represents an upper limit to the N H sible by fitting the observed spectra to template spectra (Section 3). 2. From our photometric observations. If the X-ray source position was coinciding with a source resolved in the optical (galaxy) we classified it as an extragalactic candidate. 3. From cross-correlation with archival catalogues using XCat-DB developed in Strasbourg (Michel et al. 2004 ). The list of archival catalogues can be found under http://xcatdb.u-strasbg.fr/2xmmidr3/catarch.
Among the total 1319 detected sources we classified 316, with 275 having the best X-ray quality, i.e. sum flag = 0 (see Table 1 ). We classified 280 X-ray sources on the basis of the optical spectra of their counterparts. In some cases no classification was possible due either to the optical faintness of the object or to the absence of absorption and/or emission lines in the spectra. We classified six X-ray sources as galaxies on the basis of their extension in the optical images. Finally, via crosscorrelation with archival catalogues using XCat-DB we classified 30 sources. This SSC interface hosts all candidate identifications derived from the cross-correlation of EPIC source lists with more than 200 archival catalogues, as performed during the SSC pipeline processing (Watson et al. 2009 ). All X-ray sources with their classification (when possible) will be available via the CDS and the XID result-DB 14 . From the 316 classified sources, 270 have a 2MASS counterpart and 296 an optical counterpart in either the SDSS-DR7, the USNO-B1.0 or the GSC 2.3 catalogues. There are 20 classified sources by our photometric observations with no catalogue counterpart, these sources were too faint in optical to be detected by the USNO-B1.0 and GSC 2.3 surveys and are outside the SDSS-DR7 footprint. The majority of these sources are classified as galaxies.
Optical classification statistics are presented in Table 1 , separating the optically bright and faint samples defined in Section 3. The majority of the classified sources are active coronae (AC), representing ∼ 18% of the sources for the optically bright sample and up to ∼ 26% for the optically faint sample. The total number of AC for each spectral type is given in Table 4 . The fraction of stars at each spectral type increases from 5% for A stars to 29% for K stars and then drops to about 26% for M stars, reflecting . Hardness ratio and Galactic N H distribution of X-ray sources with optical or infrared catalogue counterparts with identification probability > 0.9 (large grey dots and grey-filled histograms), and of X-ray sources without catalogue counterpart or with identification probability below 0.9 (small black dots and empty black histograms). We only considered sources with good X-ray quality (sum flag = 0) and with errors smaller than 0.3 in X-ray colours. Blue and red lines show the expected position of AGNs (Γ = 1.9) and stars (70 Myr old population, see Section 2.2 for details) respectively. Most of the objects with no infrared or optical counterpart follow a distribution similar to that of AGNs. either a deficit in M stars or an excess of G and K stars. We note that A stars are not expected to be strong X-ray emitters, and that if these sources are not spurious X-ray detections or wrong identifications, then their X-ray emission is likely to be related to a low-mass companion star (De Rosa et al. 2011) . A small fraction of the sources are CVs, γ-Cas-like objects, T Tauri and HerbigAe stars. In the relatively high galactic latitude fields, due to the lower N H , some sources are identified as extragalactic objects. The fraction of identified AGN is larger towards higher Galactic latitudes, as expected. Around 80% of the sources are unclassified for the optically bright sample, dropping to 60% for the optically faint sample, where we could obtain optical spectra up to a limiting magnitude of about 21 in the R band. Spectral classifications, X-ray parameters and catalogue counterparts are given in Tables 8-33 , available in the online version of the paper.
Stellar population
6.1. Pre-main sequence, main sequence and giant stars
While the majority of the Galactic X-ray-emitting stars are expected to be main sequence stars, a fraction of the stellar population will be evolved giants (Guillout et al. 1999) . To distinguish between dwarf and giant stars one can use the Balmer lines for stars hotter than about 10 000 K, or Ca II H and K lines, the NaI doublet and Mg Ib lines for cooler stars, since their equivalent widths are highly dependent on surface gravity. Unfortunately, in most cases our spectral resolution was not high enough and/or our wavelength coverage was not sufficiently large so as to use such line diagnostics. We thus based our clas- sification in dwarfs or giants on photometric analysis. We constructed infrared colour magnitude diagrams (CMD) in order to be able to distinguish giant stars from dwarf stars. In Fig. 6 we show the locus of the stellar content of our survey (without correcting the magnitudes for extinction). Based on tabulated colours and absolute magnitudes for main sequence stars (Siess et al. 2000) we calculated the expected locus of main sequence stars at limiting distances corresponding to five different intervals, one for each spectral type: 50 pc for M stars, 100 pc for K stars, 150 pc for G stars, 200 pc for F stars, and 300 pc for A stars. This main sequence represents a cut-off limit for dwarf stars. With a maximum apparent magnitude close to 8 in the K S band (Cutri et al. 2003) , the nearest early M dwarf stars that are detected are going to be at a distance larger than ∼ 50 pc, while no A dwarf star can be at a closer distance than about 300 pc. We considered as giant candidate stars those stars that are found above or to the right of the main sequence in all possible combinations of infrared colour-magnitude diagrams. In the left panel of Fig. 6 we show one of the CMDs with the corresponding main sequence cut-off. In the right panel, we show the colour-colour diagram. We include the location of the main sequence and the red giant branch from Bessell & Brett (1988) . We indicate the effect of reddening for A V = 5 transformed into infrared excess using the relations from Mathis (1990) . We show the intrinsic colours of classical T Tauri stars in Fig. 6 (Meyer et al. 1997) , and of Herbig-AeBe stars (Hernández et al. 2005) . We transformed all magnitudes and colours into the 2MASS photometric system using the colour transformation from Carpenter (2001).
Among the 125 stars with determined spectral type detected in the soft band with 2MASS photometry at high probability of identification, we find 98 main sequence stars (78.4%), 23 giant candidates (18.4%), and four pre-main sequence stars (3.2%) (see Table 5 ). The spectrum of one of the two M giant candidates, 2XMM J184413.9+010026, shows a deficit of NaI at 5897 Å confirming a giant nature of the source. We considered the other M giant candidate, 2XMM J182845.5-111710, to be a dwarf since the X-ray luminosity is too high (see Section 6.3) and its spectrum shows Hα in emission, characteristic of dwarf M stars. There is an excess of yellow giant stars above the overall trend (see Table 5 ), corresponding to late type G and early K spectral types. This excess was first noticed by Favata et al. (1988) based on the Einstein Medium Sensitivity Survey, and confirmed by the larger number of sources of the Einstein Extended Medium Sensitivity Survey (Sciortino et al. 1995) . Later on, Guillout et al. (1999) observed a similar excess based on crosscorrelation of ROSAT with Tycho and Hipparcos stars, and associated it with the red clump. The yellow-excess was also noted in the Galactic Plane survey from Morley et al. (2001) . As stars evolve off the main sequence, they slow their rotation, decreasing their X-ray luminosity. This age-rotation-luminosity relation implies that single evolved (off main-sequence) stars are not expected to be strong X-ray emitters. On the other hand, in close binaries the rotation of the stars are synchronised with the orbital period. This implies that stars in binary systems do not slow down their spin with age, but on the contrary they preserve their rotation with age, giving rise to X-ray emission through their magnetic activity (Frasca et al. 2006) . It is thus very likely that the observed giant stars are evolved binary stars, i. e. RS CVns. We discuss X-ray and infrared properties of these sources in Section 7.1.
Distance
We computed the E(J -K s ) excess assuming tabulated infrared colours for main-sequence and giant stars from Siess et al. (2000) and Covey et al. (2007) respectively. We calculated the extinction in the K s band using the relation A K = 0.67×E(J -K s ) from Mathis (1990) . We corrected our magnitudes for extinction and using the appropriate tabulated absolute magnitudes M J for each spectral type and luminosity class, we estimated the distance to the sources. For comparison, we also derived the distances to the sources assuming that all stars were on the main sequence (second panel in Fig. 8 ). Distances to the sources range from 50 pc to about 1 kpc, with a few sources at larger distances.
The distance up to which we can detect stars depends on the spectral type and luminosity class. Assuming saturated coronae, log(L X /L bol ) = −3, the X-ray flux limit of our survey gives us an upper distance limit for each spectral type (and luminosity class) up to which stars can be detected. The calculated distances for the stars in our survey are consistent with the maximum distance: while main-sequence F stars can be detected up to several kpc, M stars are detected only up to around 450 pc (see Fig. 7 ).
X-ray luminosity
We derived X-ray luminosities from the measured fluxes in the soft (0.5 -2.0 keV) band. We used the energy-to-flux conversion factor 1.75 × 10 12 erg cm −2 s −1 /pn counts s −1 , corresponding to a thermal plasma with kT = 0.5 keV and absorbed by N H ∼ 10 21 cm −2 most frequent value for the stellar content of our survey (see Fig. 5 ). Details on the calculation are given in Section 7.3.2. All luminosities from now on will refer to the energy band 0.5 -2.0 keV, unless specified otherwise. For giant candidate stars we obtained two values: a first one corresponding to the estimated distance if the source were a main sequence star, and a second one corresponding to the distance derived if it were a giant. The X-ray luminosity distributions are shown in the third and fifth panels of Fig. 8 . Assuming all the stars in the sample are dwarf stars, a population of low X-ray luminosity (< 10 28 erg s −1 ) K stars appears at very close distances (dark grey histograms). There is no observational evidence of an excess of low X-ray luminosity K stars within 70 parsecs to the Sun. It therefore seems more plausible that our sample contains two different evolutionary populations. This is consistent with the idea that not all identified stars are on the main sequence. Assuming that the giant star candidates classified in Section 6.1 are giants yields much more consistent results. X-ray luminosities are in the range 10 28 -10 31 erg s −1 (see right panel in Fig. 8 ). The number of detected sources increases with the X-ray luminosity up to L X = 10 30 erg s −1 . Above that value the number of sources drops. This is a typical characteristic of an X-ray flux limited sample, where we preferentially detect sources with high X-ray luminosities.
We find that, in general, early spectral type stars have higher X-ray luminosities than late spectral type stars, an effect usually attributed to their larger radii (Fleming et al. 1989) . A similar trend has been observed by Micela et al. (1988) ; Barbera et al. (1993) ; Motch et al. (1997) ; Guillout et al. (1999) and Zickgraf et al. (2005) . Although such a trend has not been observed by Wright et al. (2010) , other deep surveys such as that from Covey et al. (2008) show the same behaviour, ruling out the possibility of being an effect associated to nearby stars as suggested by Wright et al. (2010) .
X-ray emission is known to decrease with the age of the stars (Jackson et al. 2012 , and references therein). Stars slow-down their rotation as they age due to magnetic braking (Kawaler 1988; Matt et al. 2012 ). This implies that at high X-ray luminosities our survey should be dominated by fast rotators, either young stars or in binary systems, and at low X-ray luminosities the sample should contain an old-to-intermediate age population.
To assess better this statement we compared our X-ray-tooptical flux ratios with those of stars belonging to three different populations, corresponding to three different ages: i) field stars from Schmitt & Liefke (2004) representing an old population with ages older than about 1 Gyr; ii) the Hyades from Stern et al. (1995) as representative of an intermediate age of ∼ 600 Myr; and iii) the Pleiades from Micela et al. (1996) representing a young population of about 100 Myr. We restrict the three samples to stars with luminosity class V and consider the same spectral range as covered in our sample, A-M, and divided in two spectral type ranges: F-G and K-M stars (see Fig. 9 ). The X-ray-to-optical flux ratio log(F X /F V ) distribution of the identified stars in our survey is similar to that of the Pleiades with an extended tail at low values of log(F X /F V ), i. e. is consistent with a young to intermediate age population, such as the one reported in Koenig et al. (2008) . There is a population of F-G stars younger than the Pleiades. In the disk X-ray surveys are dominated by young stars in the flux range covered by our survey (Guillout et al. 1996) , which explains the detection of this young population of stars.
Notes on individual sources
Among the identified sources we found CVs, T Tauri stars, Herbig-Ae stars, and γ-Cas-like objects. We discuss here the most relevant features of these objects.
Cataclysmic variables
Cataclysmic variables are semi-detached binary stars consisting of a white dwarf plus a low mass star where the low mass star is filling its Roche lobe and the transferred matter is accreted 10 Nebot Gómez-Morán et al.: The XMM-Newton SSC survey of the Galactic Plane Distribution of distances to the identified active coronae assuming they are all in the main-sequence and associated distribution of X-ray luminosities (c). d) Distribution of distances for main-sequence and giant star candidates and corresponding X-ray luminosities (e). We show distances only up to 2 kpc, since only a few sources, with spectral types A and F, are found at larger distances. We overplot in light grey the distribution for each spectral type, A to M stars from top to bottom on top of the total distribution (white) for comparison. Giant star candidates are shown in dark grey. onto the white dwarf (see Warner 1995, for a review) . If the white dwarf has a magnetic field, mass transfer can be channelled and accretion will take place on one or both poles of the white dwarf, labelling the CVs as polars or intermediate polars, for lower magnetic fields white dwarfs. They have orbital periods ranging from around 80 minutes and up to about one day (Ritter & Kolb 2003; Gänsicke et al. 2009 ). We identified two cataclysmic variables in this study: 2XMM J074743.5-185654, in field PKS 0743-19-off, and 2XMM J000134.1+625008, in field RXJ0002+6246. Both CVs display Balmer emission lines (see Fig. 10 ), and 2XMM J074743.5-185654 has some He I emission. They both lack the He II line at 4686 Å typical of polars and intermediate polars, indicating both CVs are non-magnetic.
Equivalent widths of Hα and Hβ emission lines are given in Table 6 . Making use of the empirical EW(Hβ)-absolute magnitude relation from Patterson (1984) we estimate the absolute magnitude of the accretion disk to be M V ∼ 10.3 for 2XMM J074743.5-185654. From the total Galactic absorption along the line of sight from Schlegel et al. (1998) and using the calibration from Predehl & Schmitt (1995) we derive an upper limit to A V of 1.2. We estimate a magnitude of V=20.4 by folding the optical spectrum to the Johnson filter. The distance to the source is in the range 0.6-2.0 kpc, depending on the assumed A V , implying L X = 4.8 × 10 30 -5.3 × 10 31 erg s −1 (0.2 -12 keV).
Source 2XMM J000134.1+625008 has a GSC-2.3 counterpart with magnitude V=17.82. Using the empirical relation from Patterson (1984) would imply a very large distance of about 3.8 kpc, incompatible with the small interstellar absorption visible in the slope of the optical spectrum. The spectral energy distribution of 2XMM J074743.5-185654 seems to consist of a blue continuum probably coming from the accretion disk and of a possible late K star continuum in the red. However, our spectrum is too noisy to detect metallic lines from the secondary star. The empirical EW(Hβ)-Mv relation from Patterson (1984) is based on CVs in which the disk is dominating in the optical and therefore cannot probably be used in this particular case. Assuming a maximum X-ray luminosity of L X < 10 32 erg s −1 for non-magnetic CVs (Pretorius & Knigge 2012) , the source must be closer than about 2 kpc.
T Tauri stars
T Tauri stars are low mass (M≤2M ⊙ ) pre-main sequence stars (Joy 1945) . In Classical T Tauri stars (cTTS) the central object is accreting from a circumstellar disk, while in weak line T Tauri stars (wTTS) there is no longer evidence of accretion (see Bertout 1989; Appenzeller & Mundt 1989 , for a definition of the two sub-classes). They can be classified into weak or classical T Tauri on the basis of the equivalent width of the Hα emission line (Barrado y Navascués & Martín 2003). T Tauri stars are young objects typically found in star forming regions. Their X-ray energy distribution can be described as thermal emission from an optically thin plasma with temperatures from 11 Nebot Gómez-Morán et al.: The XMM-Newton SSC survey of the Galactic Plane few to several tens of MK and X-ray luminosities in the range ×10 28 − 10 31 erg s −1 (0.5 -10 keV), mainly associated with the magnetically heated corona (Güdel & Nazé 2009 , and references therein).
Source 2XMM J223122.8+390914, detected in field 3C449, has spectral type K0Ve. Its optical spectrum presents the Hα line in emission, with an equivalent width of ∼ 6 Å, pointing to a wTTS nature (Barrado y Navascués & Martín 2003). It has an infrared counterpart in the WISE catalogue (Cutri et al. 2012 ), WISEP J223122.86+390913.7, which does not reveal any infrared excess with respect to a stellar atmosphere (see Fig. 11 ). Source 2XMM J223122.8+390914 is located at relatively high Galactic latitude (l = 95.3
• , b = −16.1 • ), far from any known star formation region, where T Tauri stars are typically found. Nevertheless, the number of reported isolated T Tauri stars is continuously increasing (Guillout et al. 2010 ). The existence of T Tauri stars far away from star forming regions containing molecular gas is a matter of lively debate. While kinematic studies suggest some of the stars classified as T Tauri are in fact young main sequence objects (Bertout & Genova 2006) , several mechanisms accounting for the apparent dispersal of T Tauri stars have been proposed (Feigelson 1996) . Source 2XMM J184401.2+005455, in field Ridge 2, with spectral type K7Ve, also shows the Hα line in emission. The EW of the Hα line is ∼ 25 Å, pointing to a cTTS nature for the source (Barrado y Navascués & Martín 2003). The optical images reveal that the source is close to a cloud. The source has a WISE counterpart, WISEP J184401.16+005456.3. The spectral energy distribution (SED), presented in Fig. 11 , is consistent with a stellar atmosphere in the optical and NIR, and exhibits an excess in the 22 µm band. For comparison we show the SED based on a stellar model from Castelli & Kurucz (2004) with effective temperature T eff = 4000 K, and log(g) = 4.5. The most likely origin for the IR excess is cold dust emission from a transition disk, where the inner dust disk has dissipated while the disk at larger distance is still integral (e. g. Fang et al. 2009 ). These two candidate T Tauri stars are at a maximum distance of 300 pc, with maximum X-ray luminosities of 6.1 × 10 28 and 3.8 × 10 28 erg s −1 (in the 0.5 -2 keV energy band), respectively. Their X-ray to bolometric luminosity ratio, log(L X /L bol ), is below the saturation level.
2MASS infrared photometry revealed an infrared excess ((H -K S ) > 0.5) for source 2XMM J180802.0-191505, in field WR110. The source has infrared colours within the T Tauri region from Meyer et al. (1997) (see right panel in Fig. 6 ), consistent with a classical T Tauri. From its optical spectrum we derived a K1V spectral type. The optical spectrum covers only up to 5000 Å, inspection of the Hα line was therefore not possible, so we were not able to learn whether accretion is taking place, which would confirm a classical T Tauri nature of the source. No emission from other Balmer lines was detected in the spectrum. After comparison of the WISE source catalogue with the 2MASS point source catalogue, we conclude that the angular resolution of WISE is too low to provide us a reliable photometry of this source in this crowded area. The source was sufficiently bright in X-rays, which allowed us to analyse its X-ray spectrum. The X-ray spectrum is consistent with that of a young star, with a temperature of kT = 1.4 +0.6 −0.5 keV, and the derived N H is compatible with the reddening obtained from the optical spectrum, A V = 2.17.
The lithium content can be used as a spectral type dependent proxy of the age of the stars. Unfortunately, at our spectral resolution we are not able to measure accurate Li abundances. High resolution spectra would be needed to make a clear statement about the evolutionary state of these stars.
Herbig Ae stars
The optical spectrum of source 2XMM J182658.4-113258 (see Fig. 10 ), located in field Ridge3, reveals an A0 spectral type star with a very strong and broad Hα emission line. The X-ray source has an infrared counterpart, 2MASS 18265832-1132585, with colour (H -K S ) = 0.79±0.06, showing a strong near infrared excess with respect to a main-sequence or giant A0 star (see Fig. 6 ). These two characteristics, Hα emission plus infrared excess, are typical of Herbig-Ae (HeAe) stars (Herbig 1960) , which are pre- main sequence stars of intermediate mass, i.e the high mass counterparts to T Tauri stars. Broad Hα emission and infrared excess is associated with dust emission of circumstellar material Meeus et al. 1998 Meeus et al. , 2001 ). Nevertheless we note that the K S magnitude has a flag indicating bad quality (AAE, where E is standing for a bad PSF fitting), so one should be cautious with the conclusions. The origin of the X-ray emission in HeAe stars is still in debate. A stars are fully radiative stars, therefore not expected to maintain magnetic fields and coronal heating. Possible explanations, proposed earlier by Zinnecker & Preibisch (1994) and Stelzer et al. (2006) , are stellar wind instabilities or presence of a T Tauri star companion.
Massive X-ray binary candidates
High mass X-ray binaries (HMXB) consist of a white dwarf (WD), a neutron star (NS) or a black hole and of an early type star dominating the optical emission. Most known HMXBs have a Be star as primary component. Although theoretical population studies predict Be+WD are more frequent than Be+NS (e. g. Raguzova 2001) , there are only two candidate HMXBs with a WD known so far (Kahabka et al. 2006; Sturm et al. 2012) . Unlike in CVs and LMXBs mass transfer in Be HMXBs occurs through an equatorially condensed decretion disk (Okazaki & Negueruela 2001) . They usually have long orbital periods, of the order of days to hundreds of days. Be/X-ray binaries typically have X-ray luminosities in the range 10 34 − 10 38 erg s −1 (Grimm et al. 2002) . In four cases, we have detected X-ray emission from Be stars at levels significantly above that expected for single Be stars of the same spectral type (Cohen et al. 1997; Cohen 2000) . Their optical spectra are shown in Fig. 10 . 2XMM J183328.3-102407 (USNO 0750-13549725 C), detected in field G21.5-09 (rev 60), is the brightest star in the cluster NGC 6649. The spectral type of the source is B1-1.5IIIe, and it presents the Hα line in emission with an EW of ∼ 36 Å. The source is identified with 2MASS 18332830-1024087 with a probability above 99%. We calculated the colour excess E(J-K s ) with respect to a B1III star, and from its magnitude K s = 7.793 ± 0.027 we estimated a distance to the source of about 1.7 kpc, consistent with that to the cluster (Walker & Laney 1987) . The colour excess is E(B-V)∼ 1.2 (Turner 1981) , and the X-ray luminosity is ∼ 5 × 10 32 erg s −1 (0.2 -12 keV). 2XMM J183327.7-103523, aka SS 397, detected in the field G21.5-09, has a spectral type B0Ve and also shows the Hα line in emission, with an EW of ∼ 34 Å. It has a 2MASS counterpart, 2MASS 18332777-1035243, with an identification probability above 99% and K magnitude of 8.267 ± 0.026, and an extinction A V ∼ 5.4. The calculated distance of 1.5 kpc implies an X-ray luminosity of ∼ 4.4 × 10 32 erg s −1 (0.2 -12 keV). The two sources above have already been reported in Motch et al. (2007) . 2XMM J011559.0+590914 (TYC 3681-695-1), detected in the field of PSRJ0117+5914, has a counterpart in the 2MASS catalogue, 2MASS 01155905+5909141, with an identification probability above 99%. The estimated spectral type from the optical spectrum is B1-2III/Ve, presenting the Hα line in emission with an EW ∼ 31Å. The optical extinction is A V ∼ 2.3, and the 2MASS magnitude implies a distance to the system in the range of 1.9 -3.8 kpc. The X-ray luminosity is between 1.4 × 10 32 erg s −1 and 5.8 × 10 32 erg s −1 (0.2 -12 keV). For source 2XMM J180816.6-191939, located in the field of WR110, already reported as a Be/X-ray binary candidate by Motch et al. (2003) , we took several spectra, and combined them to improve the signal to noise ratio in order to facilitate the identification. The combined optical spectrum (see Fig. 10 ), shows the Hα line in emission, with an EW of ∼ 50Å. The relatively noisy spectrum makes it hard to discern absorption lines that could help to characterise the source and estimate its spectral type, but the absence of the TiO molecular bands rules out a dMe star nature. Although it has a 2MASS counterpart with a low probability of it being the true association (P id ∼8%), the presence of emission lines in the optical spectra confirm it as the right association. From the optical spectrum, we derived R = 22 and R-I = 2.6, indicating a high interstellar absorption. If the counterpart is an intrinsically blue object, A V is of the order of 13.8, where E(B-V) was derived from the spectral fit with a B0V star (Castelli & Kurucz 2004) . This value corresponds to N H = 2.47 × 10 22 cm −2 , half of the total expected Galactic absorption in that direction. Using the extinction maps from Marshall et al. (2006) , with an infrared extinction of A K = 1.23 we estimated the distance to the source to be between 6 to 7 kpc, ruling out a CV nature. At this distance, we estimate M V to be in the range −3.3 to −3.7, absolute magnitude which is consistent with a B0V star. The X-ray luminosity is in the range L X = 2.4 × 10 32 -3.3 × 10 32 erg s −1 (0.2 -12 keV).
Luminosities in this section were calculated in the 0.2 -12 keV energy band using the corresponding energy-to-flux conversion factor at the estimated galactic absorption and assuming a mekal with kT = 8 keV. All Be stars found in this study have Xray luminosities 10 32 < L X < 10 33 erg s −1 , lower than those expected for neutron star accreting HMXBs (Grimm et al. 2002) , but higher than those expected for single Be stars (Cohen et al. 1997) . The observed X-ray luminosity of our Be stars is at least one order of magnitude below that detected from transient Be/X-ray binaries in quiescence or from members of the class of persistent Be/X-ray pulsars (Reig 2011) . The absence of recorded outburst from these Be stars together with their low steady Lx make it very likely that these sources belong to the new class of γ-Cas-like Be/X-ray systems ; Lopes de Oliveira et al. 2010; Lopes de Oliveira & Motch 2011) in which X-ray emission arises either from the accretion onto a white dwarf or from magnetic interaction between the stellar photosphere and the inner part of the decretion disc. Marco et al. (2007) have shown that the counterpart of 2XMM J183328.3-102407 is a blue straggler in the 50 Myr old cluster NGC 6649. A similar blue straggler nature has been established for other γ-Cas analogues (see Lopes de Oliveira et al. 2007 , and references therein). γ-Cas-like stars seem therefore preferentially created thanks to the high mass transfer occurring during the evolution of a massive close binary. The question remains open, however, whether the outstanding X-ray emission is related to the presence of a compact companion star remain or due to the high angular momentum transferred to the B star.
Properties and characteristics of the sample
We investigated the X-ray, infrared and optical properties of the sample with the aim of learning about the stellar content of our survey.
Infrared versus X-ray
The different hardness ratio versus (H -K S ) colour distributions are shown in Fig. 12 . Since the colour (H -K S ) remains within 0 to +0.1 from A to K spectral types and all luminosity classes (see Covey et al. 2007 ), variations in colour mainly reflect variations in interstellar absorption (Motch & Pakull 2012) , or intrinsic emission by circumstellar matter. Assuming intrinsic colour (H -K S = 0), we calculated the expected hardness ratios as a function of the colour excess E(H -K S ), through the expression N H = 3.5 × 10 22 ×E(H -K S ) cm −2 , for different kinds of objects: i) three different populations of active coronae: a young population of 70 Myr, an intermediate population of 300 Myr, and an old population of 1.9 Gyr, assuming 2-T thermal emission (Guedel et al. 1997) ; ii) for AY Cet, a typical BY Dra binary (Dempsey et al. 1997) , and for the RS CVn star WW Dra (Dempsey et al. 1993) ; and iii) two power laws with photon indices Γ of 0 and 2 (see Section 2.2).
We limit to sources with X-ray HRs and infrared colours with errors smaller than 0.3. After this cut, we are left with a total of 159 sources, among which 124 are identified as stars, X-ray-infrared colour-colour diagrams. Hardness ratio versus (H -K S ) for all X-ray sources having a 2MASS counterpart with a probability higher than 90%. Active coronae are represented by filled circles where colour indicates the spectral type, extragalactic objects with blue filled squares. Giant stars are overplotted as stars, pre-main sequence stars are highlighted by an open square and X-ray binaries (CVs, HMXBs) are plotted as a filled star in red. Lines are the expected colours for stars of different ages, main sequence and evolved binaries, and accreting objects (see legend and text). We only plot sources with errors lower than 0.3 in X-ray and infrared colours.
one as a Be/X, two as T Tauri stars, one as HeAe star, two as AGNs, and the remaining 29 are not classified. Most of the stars have colours consistent with the expected values for active coronae younger than 2 Gyr and BY Dra or RS CVn binaries. The majority of the stars with HR2 > 0 have spectral types in the range G-K, with only a minor contribution from earlier and later spectral type stars. There is one M star (2XMM J184413.9+010026) with a very hard HR, classified in the previous section as a giant star candidate on the basis of its infrared colours. The lack of emission lines in its optical spectrum indicates that the star is not a symbiotic binary. Two among the three pre-main sequence stars found in our sample (2XMM J184401.2+005455 and 2XMM J182658.4-113258) and one Be/X-ray binary (2XMM J011559.0+590914) have HR2 > 0 (see left panel in Fig. 12 ).
Some stars have HRs significantly higher than expected for stars younger than 70 Myr but consistent with expected values for BY Dra or RS CVn binaries. The fraction of stars above the expected HR for 70 Myr old active coronae represents 3% (0%) of the identified stars in the HR2 bands, 37% (8%) in the HR3 bands, and up to 78% (56%) in the harder HR4 bands at a 1σ (3σ) significance, and have infrared colours consistent with main sequence or evolved binary stars.
There are eight sources above the expected value for high accretion rate sources (Γ = 0) (in either HR2 -, HR3 -or HR4-(H -K S ) diagram): the two identified AGNs, three stars, and three unidentified sources, likely to have extragalactic origin. One of the identified stars, 2XMM J174819.7-280727 with spectral type M6V (Raharto et al. 1984 ) is very close to the HMXB SAX J1748.2-2808 (Sidoli et al. 2006 ). However, the two sources are well separated and furthermore 2XMM J174819.7-280727 is constantly detected during three observations. This implies that flaring from the M6V star is unlikely to account for the unusually hard X-ray spectrum. The other three identified stars displaying hard X-ray emission are 2XMM J092531.1-474851, and 2XMM J223021.2+392253. They have spectral types K7V, and G5V and 2MASS identification probabilities of P id = 0.99, 0.96, and 0.97 respectively, and thus are not likely to be spurious associations.
X-ray colours
The hardness ratio distributions (X-ray colour-colour diagrams) of X-ray sources are shown in Fig. 13 . We again restrict our analysis to sources with HR errors smaller than 0.3 and with the best quality flag. The left (right) panel of Fig. 13 , HR2-HR3 (HR3-HR4) diagram, is populated by 404 (193) sources, 37% (23%) have a bright optical or infrared counterpart (association probability > 90%). The majority of the sources with HR2 errors below 0.3 have HR3 below -0.25, consistent with a soft X-ray spectrum characteristic of active coronae. Among the sources with bright optical or infrared associations, 70% have been classified as stars using optical spectroscopy, while the extragalactic sources represent 4% of the bright optical/infrared associations. Thirteen spectroscopically identified sources have optical and infrared counterparts with an identification probability lower than 90%. These relatively faint stars have late spectral types (one F, five K, and seven M stars).
As stated in Section 7.1, a number of hard sources with bright optical or infrared counterparts have been classified as active coronae on the basis of their optical spectra (see right panel in Fig. 13 ). We recall that, at the imposed 90% threshold the number of expected spurious matches is lower than 2%. There are 193 sources in the HR3 versus HR4 diagram (with σ HR i < 0.3), hence we expect a maximum of 4 hard sources associated with spurious matches, which is not enough to explain the identified coronae, with bright optical or infrared counterpart, detected in the hard bands.
The majority of the unidentified sources do not have a bright optical or infrared counterpart, and have hardness ratios consistent with those expected for a typical AGN with a power law spectrum of photon index of Γ = 1.9 absorbed by the full Galactic line of sight column density (blue region in Fig. 13) . A non negligible number of unidentified sources are found to be softer than expected if extragalactic. The nature of these sources Hardness ratio distribution for all detected X-ray sources (small symbols) and for those with infrared or optical counterpart with a probability higher than 90% (big symbols). Grey are unidentified sources, coloured circles are active coronae with colour indicating their spectral type, blue filled squares are extragalactic objects, open squares highlight the pre-main sequence stars (T Tauri and HeAe), and filled red star are X-ray binaries (CVs and HMXBs). We limit to sources with HR errors smaller than 0.3 and with sum flag = 0. The mean errors are plotted in the upper left corners. For comparison we show the expected hardness ratio values for a typical AGN (power law with photon index Γ = 1.9) and for 10 20 < N H < 10 23 cm −2 , as a shaded area with a width equal to the mean HR2 and HR3 errors in the left and right panels respectively. Lines indicate the position of stars of different ages and main-sequence and evolved binaries (see legend in Fig. 12 ).
is difficult to guess. A fraction among them could be distant dM stars that are too faint to be detected in infrared or optical surveys and fainter than our limit for spectroscopic identification (R∼21). Assuming a saturated corona (log(L X /L bol ) = −3), at the limit of our X-ray survey (F X ∼ 2 × 10 −15 erg cm −2 s −1 ), dM stars can only be detected up to about 450 pc (see Fig. 7 ).
log N(>S) -log S curves
We computed the number of sources per square degree detected above a given flux (log N(>S) -log S) in two energy bands: soft (0.5 -2.0 keV) and hard (2 -12 keV). We restricted our analysis to fields observed in full window mode and with the EPIC pn camera. Fields Ridge 3 and Ridge 4 cover nearly the same sky area. We only considered field Ridge 3 in this analysis since it has the longest exposure time. This leaves us with a total of 18 fields.
Effective area of the survey
To estimate the effective area of our survey, we first built sensitivity maps following the method described by Carrera et al. (2007) . For each band and field, we created: i) exposure maps, that contain information on exposure times in each detector pixel taking into account the mirror vignetting, the detector efficiency, bad pixels and CCD gaps, and the field of view; and ii) background maps, which hold information on the counts in source free regions. We used the SAS tasks eexpmap and esplinemap respectively. We calculated the count rate in the soft and the hard bands by adding the tabulated count rates in the bands 0.5 -1.0 and 1.0 -2.0 keV, and 2.0 -4.5 and 4.5 -12.0 keV respectively. We derived maximum likelihood (ML) values in the soft and hard energy bands making use of the listed individual ML, and using the formula given by Watson et al. (2009) (see their Appendix). We limited our analysis to sources with ML >8, which corresponds to a ∼ 4σ detection. We chose a radius of 5.08 and 5.18 pixels (see Table A .1 from Carrera et al. 2007) for source extraction in the soft and the hard bands respectively. We then generated the sensitivity maps following the different steps listed by Carrera et al. (2007) . These sensitivity maps provide us with the minimum count rate that can be detected in each pixel at a given ML. The effective area over which we are sensitive to a given count rate is given by the sum of the number of pixels in the sensitivity map below a given count rate multiplied by the pixel area (1pix = (4 ′′ ) 2 ). The total area at a given count rate is then the sum of the areas of each field (see Fig. 14) .
With a ML > 8, the probability of a spurious detection at this level is ∼ 0.0003 per resolution element. The total area of the survey is ∼ 2.8 deg . log N(>S) -log S curves in the soft band (0.5 -2 keV, left panel) and the hard band (2 -12 keV, right panel) for all detected X-ray sources (grey), identified active coronae with P id > 90% (solid red lines) and unidentified plus extragalactic sources (solid blue blue). Sources either identified as active stars or with P id higher than 90% are shown with red dotted lines, and sources either identified as extragalactic or unidentified sources with no infrared and no optical counterpart are shown with blue dotted lines. We show the expected contribution of extragalactic sources from Campana et al. (2001) plus Hasinger et al. (1998) in the soft band, and from Mateos et al. (2008) and Campana et al. (2001) in the hard band.
6% of the sources in the soft band and around 12% of the sources in the hard band.
Energy-to-flux conversion factors
To convert count rates into fluxes we calculated energy-to-flux conversion factors using XSPEC. We used the EPIC pn response matrix version 6.7 in full frame mode, for spectra selected from single plus double-pixel events and for on-axis events (epn ff20 sdY9 v6.7.rmf). We restricted our calculation to the medium filter. For the soft band, since it is dominated by stars, we assumed a thin thermal spectrum, with kT = 0.5 keV absorbed by N H ∼ 10 21 cm −2 , which gives the energy-to-flux conversion factor 1.75 × 10 −12 erg cm −2 s −1 / pn counts s −1 . We estimate that the difference in soft band energy-to-flux conversion factors introduced by selecting a different filter to the one used during the observations is lower than 2% for the thin filter, while differences up to 23% can be expected for the thick filter. Most of the fields were observed with medium filter, four fields with thin filter (GRB 001025, HT Cas, PKS 0745-19, RX J0925.7-4758), and only one field (Saturn) was observed with thick filter. For the hard band we assumed a power law with photon index equal to 1.7 typical of the AGN population dominating in the hard band. Since the energy-to-flux conversion factors depend on the Galactic absorption, we derived energy-to-flux conversion factors for each field, for the total Galactic absorption along the line of sight, thus assuming that most hard sources are indeed of extragalactic nature. The mean energy-to-flux conversion factor in the hard band is ∼ 10 −11 erg cm −2 s −1 / pn counts s −1 , corresponding to a mean N H of 4.5 × 10 22 cm −2 . In the hard band, the choice of a different filter in the computation of the energy-toflux conversion factors has a smaller impact that in the soft band, with a maximum relative error ∼ 4% for the thick filter.
log N(>S) -log S
For each source flux we assigned an effective area. We calculated the number of sources above a given flux per unit sky Notes: † AC are identified active coronae with infrared or optical counterpart with identification probability P ≥ 90%.
‡ opt/ir are sources that have been either identified as active coronae on the basis of their optical spectra or have an infrared or optical counterpart with P ≥ 90%, i.e. likely to be Galactic sources.
* number of sources detected in each band.
area, N(>S), as the sum of the inverse of the effective areas for sources with fluxes above that value. We excluded a few very faint sources to avoid problems occurring at extreme low effective areas. In Fig. 15 we show the log N(>S) -log S curves in the soft and in the hard energy bands for all the sources in the 18 fields, for spectroscopically identified AC with high identification probability in either optical or infrared catalogues, and for extragalactic plus unidentified sources. In the soft band there is a total of 460 sources, among which 137 are spectroscopically classified as active coronae with an optical and infrared catalogue counterpart with high identification probability. In the hard band there are 228 sources, with 25 sources spectroscopically classified as AC. There are 139 sources in both energy bands, among which 23 are classified as AC. We also show the contribution of two other groups. A first group composed of sources either classified as AC on the basis of their optical spectra (some have P id < 90%) or with a bright optical and/or infrared catalogue counterpart, which are therefore likely to be stars. The second group is composed of sources either classified as extragalactic objects or without optical nor infrared catalogue counterpart, which are likely to be extragalactic. Stars are dominating the soft band, while extragalactic plus unidentified objects dominate the hard band. With a threshold of 90% in the P id we expect the sample to be about 55% complete, so we are missing a large number of the associations, we therefore expect the true fraction of spectroscopically classified sources with counterpart catalogue to be above the one shown in Fig. 15 .
The log N(>S) -log S curve in the soft band, after subtraction of the stellar contribution, is steeper than the combined extragalactic contribution from Campana et al. (2001) at low fluxes, based on Chandra Deep Field observations, plus Hasinger et al. (1998) at high fluxes, derived from ROSAT observations in the Lockman Hole 15 . At the faintest fluxes we are subject to Eddington biases, associated with statistical flux variations, likely to introduce a fictitious further steepening of the log N(>S) -log S.
Extragalactic log N(>S) -log S curves were corrected for the Galactic absorption in each field and we applied a correction factor to convert fluxes into the appropriate band. The extragalactic log N(>S) -log S from Campana et al. (2001) is based on ASCA and Chandra observations, while the one from Mateos et al. (2008) is based on XMM-Newton observations. Calibration uncertainties between different telescopes/instruments are expected to be lower for the latter, so we expect smaller deviations with our observations than with the former.
In order to understand the contribution of the different populations to the log N(>S) -log S curves we investigated the curves in four different Galactic latitude ranges corresponding to |b| ∼ 0
• , 1 • , 3
• , and 15
• (see Fig. 16 ). At very low Galactic latitude, the soft band is dominated by stars. The number of stars increases towards lower Galactic latitudes. The fraction of identified stars (classified on the basis of their optical spectra and with P id > 90%) is 15% at the highest Galactic latitude bin, and increases to 60% at |b| ∼ 0
• (see Table 7 ). On the other hand the number of extragalactic plus unidentified sources increases as we move away from the Galactic Plane. At |b| = 15
• the number of extragalactic plus unidentified sources without optical nor infrared counterpart within the 3σ error circle begins to dominate very faint X-ray fluxes (< 2 × 10 −15 erg cm −2 s −1 ). This is consistent with the fact that N H is decreasing with increasing distance to the Galactic Plane, making it easier to detect AGN at soft energies. We are nevertheless aware that at high Galactic latitudes, where N H is low, some AGN may be bright enough to give a P id > 90% crossmatch.
The hard band is dominated by extragalactic plus unidentified sources. At high Galactic latitudes hard sources mainly have an extragalactic origin. In the Galactic Plane the number of hard sources is above the expected extragalactic contribution. This excess increases towards the Galactic Centre region. A population of hard spectrum stars is present in all four log N(>S) -log S curves. There are 25 stars detected in the hard band with spectral type known, corresponding to 10% of the detected sources in the hard band. All of them but two are also detected in the soft band. Four hard sources were classified as giant candidates (see Section 6.1): 2XMM 174705. 3-280859, 2XMM J180718.4-192454, 2XMM J180736.4-192658, and 2XMM J185139.1+001635 . Among the 25 hard active coronae there are two early A stars, two F stars, nine G stars, eight 15 To compare with other publications, we applied a correction factor to convert fluxes from one band to another using PIMMS. • and 15
• from this paper, 50
• and 60
• from Barcons et al. (2007) and López-Santiago et al. (2007) respectively. K stars, and four M stars. With a threshold of ML=8 we expect around 27 spurious detections (see Section 7.3.1) in the hard band. We have computed sensitivity maps, effective areas and log N(>S) -log S curves also for ML > 15 (5σ detection). Thirteen hard sources identified as AC remain at this ML threshold. At this ML cutoff level the expected number of spurious detection in our survey is about one and with an identification probability above 90%, the number of false identifications is expected to be less than five (2% of 228). This is not enough to explain the 13 hard active coronae. We conclude that there is indeed a significant population of hard X-ray emitting active coronae.
Dependence of log N(>S) -log S curves on Galactic latitude
As mentioned above, the surface density (log N(>S) -log S) of soft X-ray emitting stars varies with Galactic latitude. We compared our results with those found by Barcons et al. (2007) and by López-Santiago et al. (2007) based on XMM-Newton observations of high Galactic latitude fields, with mean Galactic latitudes of ∼ 50
• and ∼ 60 • respectively. We found that the number of sources per square degree varies steeply with Galactic latitude (see Fig. 17 ), increasing by an order of magnitude from b = 60
• for fluxes above ∼ 2 × 10 −13 erg cm −2 s −1 . We fitted these log N(>S) -log S curves with a power-law function of the type N(> S ) = KS −α using a maximum likelihood technique (Crawford et al. 1970; Murdoch et al. 1973 ). We obtained a maximum likelihood for the following slopes of the curves:
A Kolgomorov-Smirnov test (KS-test) allowed us to validate the power-law model. Due to the low number of sources in the highest Galactic latitude log N(>S) -log S curve (b = 60 • ) we only performed a fit to the other three curves. We restricted to fluxes in the range 10 −14 -2 ×10 −13 erg cm power-law varies with Galactic latitude, effect that is observed in X-ray models of the Galaxy (Guillout et al. 1996) , and which is due to the scale height of stars and the relative contribution of the different populations. At low Galactic latitudes, looking directly to the Galactic Plane, the number of stars steadily increases with decreasing limiting fluxes. On the contrary, at high Galactic latitudes, the number of sources is truncated due to the finite scaleheight of stars. Young stars have smaller scale-height than old stars, therefore at low Galactic latitudes we are dominated by the young population over the whole range of observed fluxes, while at high Galactic latitudes we are dominated by young stars at high fluxes (≥ 10 −13 erg s −1 in the 0.5 -2 keV band) and by old stars at fainter fluxes (Guillout et al. 1996) . Hence, the variation of the log N(>S) -log S with Galactic latitude reflects an age-scale height dependence.
The Galactic Centre region
We clearly detect an excess of hard sources compared to the expected extragalactic contribution (see Section 7.3.3), the excess mainly coming from the Galactic Centre region (field GC2 in Table 1 ). We subtracted the extragalactic contribution from Mateos et al. (2008) from the total log N(>S) -log S and compared our results with those from Motch et al. (2010) based on the XGPS sample from Hands et al. (2004) at (l ∼ 20
• , b = 0
• ). We found that the Galactic surface density of hard sources in the Galactic Centre region (l = 0.9
by approximately a factor of ten, reaching a density of about 100 sources/deg 2 at a flux of ∼ 10 −13 erg cm −2 s −1 (see Fig. 18 ), but lower than at the Galactic Centre (Muno et al. 2003) . This is consistent with the results from Muno et al. (2009) The increase of hard sources towards the Galactic Centre region might be associated with the Galactic Centre itself. If so, assuming a distance to the Galactic Centre of 8 kpc, the obtained range of luminosities is 10 33 -10 34 erg s −1 . It has been proposed that this concentration of sources is mainly due to an old population of CVs and a minor contribution of a young population of HMXBs at low mass transfer (Muno et al. 2003; Laycock et al. 2005 ).
Discussion and Conclusions
We carried out optical spectroscopic follow-up observations of X-ray sources detected in 26 fields by XMM-Newton, at low and intermediate Galactic latitudes, distributed over a broad range in Galactic longitudes and covering a total area of 4 deg 2 . Our X-ray survey has a limiting X-ray flux of about 2 × 10 −15 erg cm −2 s −1 and 1 × 10 −14 erg cm −2 s −1 in the 0.5 -2 keV and in the 2 -12 keV energy bands respectively. A total of 1319 sources have an entry in the 2XMMi-DR3 catalogue. We crossmatched these X-ray sources with the SDSS-DR7, the GSC 2.3, the USNO-B1.0 and the 2MASS catalogues, finding matches for about 50% of the sources. Twenty per cent of the matches are above a 90% identification probability in at least one of the catalogues. At this threshold the number of spurious associations is expected to be less than 2%, and the survey is about 50% complete. Using our follow-up optical spectroscopic observations in combination with cross-correlation with a large range of archival catalogues we classified 316 X-ray sources. The XMM-Newton SSC survey of the Galactic Plane constitutes the largest sample of Galactic spectroscopically identified X-ray sources in this range of X-ray flux and Galactic latitudes.
In the soft band (0.5 -2 keV), the majority of the sources are positively identified as stars with spectral types in the range A-M. The number of detected X-ray emitting active corona increases with decreasing effective temperatures and presents an excess of G-K stars. Such a repartition in spectral types is similar to that observed in magnitude and X-ray flux limited samples extracted from the ROSAT all-sky survey at a factor 10 brigther X-ray flux (Motch et al. 1997) . Making use of infrared colours we classify 23 stars as evolved giant candidates, being most of them K stars, and representing 18.4 % of the sources with 2MASS counterpart and with individual probability higher than 90%. Since giant stars are not expected to be strong X-ray emitters (Maggio et al. 1990) , to maintain their X-ray luminosities with age the most likely scenario is that these stars are RS CVn, i.e. synchronised evolved binaries, where the rotation of stars has not spun-down with age.
A handful of likely pre main sequence stars, T Tauri and Herbig Ae objects are also identified spectroscopically. One of the T Tauri candidates appears far away from any known star forming region.
The measured stellar F X /F V , X-ray and infrared colours are consistent with expected values for young (100 Myr) to intermediate age (600 Myr) active coronae with a small contribution of BY Dra and RS CVn like binaries. We find that the number of stars per square degree (log N(>S) -log S) depends on the Galactic latitude, steadily increasing by one order of magnitude from b ∼ 60
• to b = 0 • . X-ray stellar population modelling shows that this increase is due to a combination of age-X-ray luminosity and age-scale height dependencies (Guillout et al. 1996) . Since we detect and identify active coronae up to about distances of 1 kpc, we can clearly witness the effect caused by the higher concentration of young and X-ray luminous stars at low Galactic latitudes.
The overall distribution of X-ray detected stellar coronae in spectral types, X-ray spectra, flux and Galactic latitude contains important imprinted information on the local density, star formation rate of up to 2Gyr old stars and on the evolution with age of the X-ray luminosity, X-ray temperature and of the scale height. In a second paper, we will use X-ray stellar population modelling to constrain these stellar population parameters.
In the hard band (2 -12 keV), most of the sources are consistent with an extragalactic nature. We identify, however, a genuine Galactic population of hard sources which accounts for 11% of the detected hard sources. Among identified hard X-ray sources are some of the X-ray stars exhibiting the highest Xray temperatures and therefore the highest X-ray luminosities. A small fraction of CVs also contributes to the galactic hard X-ray population. We report the discovery of four new γ-Cas analogs which assuming a typical X-ray temperature above ∼ 7 keV, are conspicuous hard X-ray sources with (0.2-12 keV) X-ray luminosities of a few 10 32 erg s −1 . The equivalent widths of their Hα emission line also spans a small range (∼ 30 Å), typical of these objects. One of the candidates is a very faint R ∼ 22 highly reddened object. Although the number of γ-Cas objects still remains small, they appear to dominate by number the population of Xray bright massive stars detected in the Galaxy. The mechanism giving rise to the X-ray emission of γ-Cas analogs remains unknown. Interestingly, one of the candidates found in our survey is the brightest star (star 9) in the NGC 6649 cluster and a blue straggler (Marco et al. 2007 ).
After removing the expected extragalactic contribution, we find that the population of Galactic hard sources, increases by a factor of ten from l = 20
• to l = 0.9
• , reaching a surface density of about 100 sources deg −2 at a flux of ∼ 1.3×10 −13 erg cm −2 s −1 , i.e. 10 33 erg s −1 at a distance of 8 kpc. We emphasis, however, that, at the exception of one of the γ-Cas analog candidate, 2XMM J180816.6-191939 which has an estimated distance of 6-7 kpc, all other identified hard X-ray sources, stars and CVs are within a range of 1 or 2 kpc. It is therefore unclear whether the local population we identify in this work is truely representative of the nature of the sources detected towards the Galactic Centre regions. Notes. * Count rate in the energy band 0.5-2.5 keV. * * Count rate in the energy band 2-12 keV. † Class stands for the type of source. Classification can be Star for active coronae, EG for extragalactic sources, CV for cataclysmic variables, TTS for T Tauri stars, or HMXB for high mass X-ray binaries. The luminosity class corresponds to that derived in Section 6.1.
‡ Spectral type including information on how the source was identified, sp stands for spectroscopic identified sources, s for objects with SIMBAD identification, and im for sources found to be extended in the optical images. 
